Introdução: A qualidade da relação pais-filho influencia o desenvolvimento do sistema fisiológico de regulação do stress da criança. Exploraram-se eventuais associações entre estratégias de vinculação e o cortisol e a hormona estimulante da tiróide, respectivamente como possíveis mediador e variável interveniente na relação mãe-filho, na criança obesa. Material e Métodos: Foi recrutada na Consulta de Obesidade uma amostra de conveniência de 83 crianças obesas com 10,9 (1,8) anos de idade (46 rapazes). A obesidade foi definida pelo percentil do índice de massa corporal para idade e género e os biomarcadores neuroendócrinos foram medidos pelos métodos de rotina. As estratégias de vinculação foram avaliadas através dos questionários (IACA) para pais e crianças. O funcionamento familiar foi classificado através do preenchimento pelos pais do FACES-III. Foram analisados modelos multivariáveis de regressão linear. Resultados: As estratégias de vinculação insegura do tipo evitante (tipo A) apresentaram uma associação significativa positiva com os níveis de hormona estimulante da tiróide e negativa com os níveis de cortisol (R 2 = 0,352). As estratégias de vinculação segura (tipo B) associaram-se positivamente ao hipotiroidismo e ao percentil de índice de massa corporal, ambas com significado estatístico (R 2 = 0,541). As estratégias de vinculação insegura apresentaram alguma evidência de associação positiva com a hormona estimulante da tiróide (R2 = 0,250). Discussão: Estes achados sugerem a existência de factores comuns na regulação dos eixos hipotálamo-hipófise-adrenal e hipotála-mo-hipófise-tiróide. Os processos envolvidos no desenvolvimento das estratégias de vinculação do tipo A parecem associar-se aos mecanismos regulatórios do eixo HPA. Conclusão: Diferentes estratégias de vinculação estão associadas a diferentes padrões metabólicos em crianças obesas. Desconhece-se qual a sua contribuição para o desenvolvimento e diferenciação da abordagem terapêutica. Palavras-chave: Apego ao Objecto; Criança; Obesidade Pediátrica; Sistema Hipotálamo-Hipofisário; Sistema Hipófise-Suprarrenal; Stress Psicológico; Tireotropina.
INTRODUCTION
The child-parent relationship plays a major role in the child's early life, influencing socio-emotional development, emotion regulation abilities and leading to development of particular attachment strategies. [1] [2] [3] [4] The quality of the relationship influences both behavioral and metabolic regulation systems as they are activated in stressful contexts.
5 Obese children's attachment strategies have not received much attention. There is evidence that variance in hypothalamic-pituitary-adrenal (HPA) axis activity varies with weight. 6 In the present study, the quality of attachment was examined in relation to various neuroendocrine biomarkers, including cortisol and thyroid stimulating hormone (TSH).
Methods for evaluating pre-pubertal children's attachment strategies have not been well developed, with the result that there is little information about any relations between metabolic indicators and attachment strategies in this age group. Hypotheses have been developed based on research in younger children. 7 Secure attachment (type B) is associated with the child's approach to its mother at times of need, and is interpreted as basic trust in the mother's availability and responsiveness. The mother has the child 'in mind' and she is available at times of child stress. Through contingent responsiveness, she enables her child to regulate his state, first via her direct handling of the child and subsequently through enabling her child's self-contained management of his affect -an external process facilitates internalizing of the affect regulation. In contrast, the child of a consistently insensitive and unresponsive mother does not learn to expect its mother to be available in stressful situations and develops an insecure-avoidant attachment (type A). On the other hand, the inconsistently available mother elicits escalating displays of affect in her child, who forces his mother to respond on the basis of an intermittent reinforcement schedule, but remains ambivalent about close contact when proffered as it was only elicited under duress (insecure-resistant attachment, type C). The type A child focuses on the environment at the moment of reunion, ignoring the mother or appearing to approach her but with objects between them, preventing the distress of potentially not being acknowledged. The reunion behavior of the type C child is characterized by anxious contact seeking and clinging, while, at the same time, ambivalently resisting contact with his mother.
It appears that only little or no excess adrenocortical activation is observed in a securely attached child when separated from his mother. 5, 8, 9 The findings in the insecure-avoidant and insecure-resistant attachment groups are inconsistent. In some studies, both insecure groups were found to have elevated cortisol levels, 8 others found increased cortisol levels only for insecure-resistant children.
10 These may to some degree reflect disagreements about how to classify particular behavioural strategies. Nevertheless it is theoretically coherent to expect elevated cortisol levels with type C, as those children are exposed to chronic unpredictable stress, their parents responding to their distress only intermittently. Such findings point to cortisol levels being, at least partly, affected by the caregiving environment.
11,12
Evidence of the contribution of caregiving processes to the development and maintenance of obesity has been mixed. 6, 13, 14 The environmental factors contributing to cortisol reactivity and associated neuroendocrine changes have yet to be documented in people with obesity.
13
Subtyping insecure attachment may help explain variability in cortisol reactivity, since inter-individual variability in HPAaxis activity appears to vary with type A and C strategies.
15,16
Cortisol, a product of HPA-axis activation, inhibits its own release through negative feedback actions at the level of the pituitary and other brain areas. Previous data indicate that glucocorticoids can inhibit the hypothalamic-pituitarythyroid (HPT) axis, at the level of the hypothalamus and pituitary. 17 Because both the HPA and HPT axes are stress responsive endocrine systems, it has been of interest to determine if there is any cross-regulation or communication between the HPA and HPT axes.
There are few Portuguese studies correlating cortisol and TSH levels with neuropsychiatric conditions for children of this age. Some independent studies of Portuguese cohorts have been published relating interrelations between the pituitary-thyroid axis and major neurosignaling systems involved in schizophrenia's pathophysiology. The available evidence supports that thyroid hormones deregulation is a common feature in schizophrenia and the fine-tuning of crucial brain networks warrants thyroid hormones homeostasis.
17
Obesity has been associated with changes in HPA and HPT-axis activity, attributed to disturbance of the feedback system. 18 The feedback loop is crucial in recovery from stress, which in turn is essential for healthy physiological and behavioral regulation.
The current study is part of the project "Roots of Early Obesity", 19 aiming at a wide ranging assessment of prepubertal obese children. We analyzed the hypothesis of an association between the strategies of attachment of obese children and their neuroendocrine biomarkers.
MATERIAL AND METHODS

Sample and procedure
A convenience sample of children attending the Child Obesity Paediatric Unit of a Tertiary Paediatric Hospital in Greater Lisbon, was drawn from pre-pubertal obese children recruited for the project "Roots of Early Obesity". Participants were those for whom detailed anthropometric information and behavioral measurements of the child's development were feasible to collect. Parental written, informed consent was obtained. The project was approved by the Hospital Medical Ethics Committee.
Measures
Attachment strategies
The attachment strategies of children were assessed using "IVIA -inventário sobre a vinculação na infância e adolescência" (IACA -Inventory of Attachment in Childhood and Adolescence), a set of parent-reported and selfreported questionnaires, originally developed and validated in Portugal. 20 IVIA was designed to classify child-caregiver attachment strategies in childhood and adolescence, from 7 to 17 years of age. It categorizes attachment strategies as secure (type B), insecure-avoidant (type A), or insecureresistant (type C). IVIA does not consider type D, insecuredisorganized/disoriented strategy, 21 following instead the dynamic maturational model of attachment and adaptation (DMM) classificatory system. 22, 23 Satisfactory psychometric properties were reported.
20
Family functioning
Family functioning and typology were assessed using FACES III (family adaptation and cohesion scale), 24 a parent-reported questionnaire, validated for Portugal.
25 Only one parent per child was surveyed, most often the mother. This self-reported tool is a 20-item Lykert type questionnaire that evaluates 2 major dimensions on the circumplex model: cohesion and family adaptation. Reliability for the cohesion is 0.78 and for the adaptability is 0.70.
25
This tool assesses the degree to which family members are adaptive and connected to each other. The circumplex model is a classification system with 16 family types, organized in three general types: balanced, mid-range, and extreme. The family adaptability is classified in four levels: rigid, structured, flexible, and chaotic. The two central levels (structured and flexible) are considered as balanced family adaptability and the two extreme levels (rigid and chaotic) are considered as unbalanced family adaptability. The family cohesion is classified in four levels: disengaged, separated, connected, and enmeshed. The two central levels (separated and connected) are considered as balanced family cohesion and the two extreme levels (disengaged and enmeshed) are considered as unbalanced family cohesion. 24 According to the curvilinear hypothesis, balanced levels of cohesion and adaptability (low to high levels) tend to reflect healthier family functioning, while unbalanced levels of cohesion and adaptability (very low or very high levels) tend to reflect more problematic family functioning. 24 The general family types, determined by adaptability and cohesion scores, are balanced, mid-range, and extreme, according to Olson.
24
Metabolic assessment
Height, weight, waist circumference, blood pressure and heart rate were measured following standardized protocols. Body mass index (BMI) (kg.m -2 ) was calculated using height and weight. Obesity was defined as BMI ≥ 95 th age and gender-specific percentile. 26 Blood pressure was measured three times and the third reading was recorded. 27 Age and gender-specific percentiles were used. 
As part of the "Roots of Early Obesity" 19 project, fasting blood samples were drawn at 8 a.m through an indwelling i.v. catheter, after 45 min of rest. Children were considered healthy and had not taken any medication. Plasma cortisol, glucose, insulin, high density lipoprotein (HDL) and low density lipoprotein (LDL) cholesterol, triglycerides, catecholamines, TSH and T4 were measured using the standard procedures of the Clinical Pathology Laboratory of the institution. TSH ≥ 3.1 μIU/mL was considered as laboratorial evidence of hypothyroidism.
Statistical analyses
To explore the association between attachment strategies (modeled as nominal variables), age, gender, family functioning and neuroendocrine and metabolic assessment measures, univariable linear regression models were applied.
Strategies types A and C were combined to provide an "insecure attachment" group (a standard practice using the Berkeley system for attachment classification associated with Mary Main), for multivariable analysis. Variables that had a significant association with each attachment strategy 
RESULTS
From 83 recruited pre-pubertal children, 73 children (40 boys) with all the required data were included. The sample had a mean age 10.86 (SD = 1.8) years. The BMI was above the 97 th percentile in 68 children (93%). The mean waist circumference, measured in 34 children, was 88.1 cm (SD = 13.99 cm). Systolic blood pressure was above the 95 th percentile in 20 out of 59 children (33.9%).
The distribution of the measurements of the neuroendocrine values and metabolic indicators is presented in Table 1 .
From the univariable analysis between attachment strategies and the neuroendocrine and metabolic indicators, ACTH, cortisol, TSH and hypothyroidism were identified as potentially associated with secure attachment (type B), "insecure attachment" (Table 2A ) and avoidant attachment (type A) (Table 2B) . No association was found for resistant attachment (type C) ( Table 2B) .
The main results of multivariable analysis of the explanatory models for the attachment strategies are shown in Table 3 . Type A, avoidant attachment strategies, had significant positive association with TSH levels and negative association with cortisol levels (R 2 = 0.352). Type B, secure attachment strategies, had significant positive associations with both hypothyroidism and BMI percentile (R 2 = 0.541). The "insecure attachment" strategies group showed some evidence of positive association with TSH (R 2 = 0.250). ACTH was not found correlated with any type of attachment. No explanatory model could be derived for type C, resistant attachment strategies (Fig.1) .
DISCUSSION
Associations between neuro-endocrine and metabolic indicators and attachment strategies were explored in a convenience sample of pre-pubertal obese children from a child obesity clinic. Detailed somatic and behavioral measurements of the child's development and family functioning were collected.
Using multivariable analysis, we found evidence of the association between avoidant attachment strategies (type A) with higher TSH levels and lower cortisol levels. On the other hand, secure attachment strategies (type B) was associated with both the presence of laboratorial evidence of hypothyroidism and higher BMI percentile.
When investigating associations between metabolic indicators and attachment strategies, the role of family functioning and gender should be taken into account. Therefore, we investigated the role of, and interactions between, several biological and environmental factors to see if any specific sub-groups could be identified which may benefit for further description and specific treatment strategies. Type A strategies were found to exhibit a negative, strong association with cortisol levels (β = -0.015; p = 0.036; R 2 = 0.352). This finding offers evidence of an increased risk for dysfunctional HPA-axis in children that score high in type A attachment strategies.
As previously reported, 10 insecure attached infants (Berkeley system) have been found to display high cortisol levels after a stressful stimulus. This possibility remains and it seems to be the result of different classification procedures, notwithstanding the fact that this finding was not independently validated by other researchers.
29, 30 The high activation of the attachment system of insecure children may not terminate soon after its reunion with the primary caregiver, because the child is unable to use effectively the attachment figure for its regulation, making it difficult for a state of homeostasis to be reached.
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Other explanation for these findings is that elevation of cortisol is associated with the presence of a concurrent affective disorder. 9 On the other hand, cortical suppression could be due to a pattern of stress habituation over time, a pattern that increases the risk of difficulties in emotional and behavioral regulation; equally, reduced stress responsiveness may emerge as a result of genetic factors, or GxE interactions. 31 These differing patterns may in part reflect adaptations of the HPA axis to different periods of onset and chronicity, and differential genetic susceptibility. Confounders, such as depression, which is a frequently observed comorbidity, may account for some of the reported differences. 32 It is of mention the lack of depressive symptoms investigation was a handicap, but it was beyond the scope of the present study. "Roots of Early Obesity" 19 project explored depressive symptomatology and other comorbidities in a larger sample and this data will be submitted for publication subsequently.
It seems that childhood maltreatment may lead to atypical responsiveness of the HPA axis to stress, which in turn predisposes to psychiatric vulnerability in later life. 31 While there is general agreement around this broad principle, the putative mechanisms of how dysregulation of the HPA axis might mediate the link between stress and psychopathology and the precise nature of any interaction remains less clear. 32 It is possible that diminished cortisol responsiveness may emerge if early chronic stress leads to an initial hyper-activation of the HPA system which then progresses over time to a state of hyporeactivity, as a form of adaptation following sustained exposure to ACTH.
33
In this study, HPA-axis activity was not assessed in response to a stressor given the ethical and practical implications of pharmacological challenge tests with children. As ACTH was not found altered in the explored models, cortisol changes may reflect differences in perceived acute stress which were not considered in the present study. Future studies that assess both measures simultaneously may reveal more differentiated results.
This study has the strengths of obtaining accurate biological and psychometric measurements, using validated instruments on a homogeneous sample of obese, pre-pubertal children for adjusted, multivariable analysis of associations. It has the limitation of using a rather small, convenience sample of children, based on a reference outpatient clinic for obesity, where most of the children have BMI above the 97 th percentile. In spite of being a common distribution in non-clinical populations, 28 the small number of children affects mostly the power to identify significant associations with biological and psychometric variables alike. Therefore, the significant associations found in this sample should be considered as reliable. The small discriminant coefficients (R 2 ) for the models point out the multifactorial nature of the attachment strategies. Some of the etiological factors have not been collected and others were not found significant due to the sample size. It is impossible to determine the direction of the bias (if any) due to analyzing only those children for whom it was possible to collect all relevant information.
It is well known and accepted that the negative feedback system is essential in recovery from stressful situations and that a balanced stress recovery system that promotes homeostasis is of great importance. Presumably, an insecure attachment relationship does not facilitate adequate termination of the stress reaction. Now, this lack of homeostasis could put the child at metabolic and developmental risk, as long term negative outcomes have been shown to result from both insecure attachment [35] [36] [37] and childhood obesity. It should be noted, however, that the presently reported associations are merely correlational, and that the mechanisms underlying them need elaboration. In obese infants, these associations remain uncharted.
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CONCLUSIONS
These findings suggest that there may be commonalities in the regulation of HPA-and HPT-axes and/or communication between the axes. A common factor, such as developmental processes associated with development of the type A attachment strategies, may be important in a linkage between the two axes. Furthermore, the correlation between the HPA and HPT axis may indicate that activity of one axis alters the activity of the other axis. As mentioned above, previous work has demonstrated that glucocorticoids, the end product of HPA axis activation, can inhibit the HPT axis. 38 This study supports this proposition, i.e., that lower cortisol may be associated with higher TSH levels.
The meaning of this for developing differentiated treatment approaches remains to be explored. Processes involved in development of the type A attachment strategy appear to be associated with effects on the regulatory mechanisms of the HPT axis. Indirectly this clear demarcation of the metabolic profile and attachment strategy is a validation of this Portuguese instrument for assessing attachment, but the study should be repeated using other measures of attachment strategy in this age group.
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